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(57) ABSTRACT 

A quadrature oscillator is provided constructed of NOR 
gates in the manner of a non-linear circuit which is inher 
ently unstable and which cycles sequentially through four 
distinct states at a rate determined by the constitution of the 
NOR gates. The quadrature oscillator includes first and 
second stages that each include first and second NOR gates. 
The output of the first NOR gate of the first stage is 
connected as an input to the second NOR gate of each of the 
first and second stages. The output of the second NOR gate 
of the first stage is connected as an input to the first NOR 
gate of each of the first and second stages. The output of the 
first NOR gate of the second stage is connected as an input 
to the first NOR gate of the first stage and the second NOR 
gate of the second stage. The output of the second NOR gate 
of the second stage is connected as and input to the second 
NOR gate of the first stage and the first NOR gate of the 
second stage. Each of the NOR gates includes first and 
Second input transistors that each have a control node for 
receiving an input signal and a controllable path between an 
output node and a reference voltage, a diode-connected 
transistor connected between the output node and the refer 
ence voltage, and a current source connected to the output 
node. 

11 Claims, 4 Drawing Sheets 
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1. 

QUADRATURE OSCILLATOR HAVING A 
VARIABLE FREQUENCY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of U.S. patent applica 
tion Ser. No. 08/360,697, filed as PCT/GB94/00892 Apr. 27, 
1994 and published as WO94/26027 Nov. 10, 1994, now 
abandoned. 

FIELD OF THE INVENTION 

This invention relates to an oscillator, and more particu 
larly to a quadrature oscillator. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided a 
quadrature oscillator comprising first and second stages. 
Each stage comprises first and second NOR gates, wherein 
the output of the first NOR gate of the first stage is connected 
as an input to the second NOR gate of each of the first and 
second stages. The output of the second NOR gate of the first 
stage is connected as an input to the first NOR gate of each 
of the first and second stages. The output of the first NOR 
gate of the second stage is connected as an input to the first 
NOR gate of the first stage and the second NOR gate of the 
second stage; and the output of the second NOR gate of the 
second stage is connected as an input to the second NOR 
gate of the first stage and the first NOR gate of the second 
Stage. 

This oscillator is a non-linear circuit which is inherently 
unstable and which cycles sequentially through four distinct 
states at a rate determined by the construction of the NOR 
gates. Preferably, each NOR gate comprises first and second 
input transistors each having a control node for receiving an 
input signal and a controllable path between an output node 
and a reference voltage, a diode-connected transistor con 
nected between the output node and the reference voltage, 
and a current source connected to the output node. 
The rate through which the circuit cycles sequentially 

through four distinct states is then determined by the current 
generated by the current source. For this purpose, the current 
source can include a control node for receiving a control 
signal for altering the current generated by the current 
SOCC. 

For a better understanding of the present invention and to 
show how the same may be carried into effect, reference will 
now be made by way of example to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a quadrature oscillator; 
FIG. 1a is a transistor diagram of a NOR gate; 
FIG. 2 is a transistor level diagram of the circuit of FIG. 

1, 
FIG. 3 shows waveforms of signals generated during 

operation of the oscillator; 
FIG. 4 is a circuit diagram of a buffer circuit; and 
FIG. 5 is a diagram of waveforms illustrating the opera 

tion of the buffer circuit. 
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2 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

As illustrated in FIG. 1, the quadrature oscillator com 
prises four NOR gates G1 to G4. They are termed herein as 
follows: 

G1-first NOR gate of the first stage; 
G2-second NOR gate of the first stage; 
G3-first NOR gate of the second stage; 
G4-second NOR gate of the second stage. 
The output of NOR gate G1 is connected as an input to 

NOR gate G4 and to NOR gate G2. The output of NOR gate 
G2 is connected as an input to NOR gate G1 and to NOR 
gate G3. The output of NOR gate G3 is connected as an 
input to NOR gate G4 and to NOR gate G1. The output of 
NOR gate G4 is connected as an input to NOR gate G3 and 
to NOR gate G2. 
Each NOR gate is implemented as shown in FIG. 1a. That 

is, each NOR gate has first and second input transistors T1, 
T2 which are illustrated as n-channel MOS transistors. Input 
signals In1, In2 are supplied to the gates of these transistors. 
The drain/source path of the-transistors T1, T2 are con 
nected between an output node Nout and a reference voltage 
Vref (ground in FIG. 1a). A diode connected transistor T3 is 
also connected between the reference voltage Vref and the 
output node Nout. Finally, a current source CS is connected 
between a supply voltage Vs and the output node Nout. The 
Current Source generates a current I under the influence of a 
control signal which is not shown. The current source can be 
implemented in any suitable fashion and in particular could 
take the form of a p-channel transistor gated by a control 
voltage. 

FIG. 2 illustrates the circuit of FIG. 1 implemented using 
NOR gates of the type illustrated in FIG. 1a. The current 
sources are denoted CS1 to CS4. The first and second input 
transistors of the NOR gate G1 are designated by reference 
numerals 10 and 12, the diode connected transistor is 
designated by reference numeral 11. The first and second 
input transistors of the NOR gate G2 are designated by 
reference numerals 13 and 15, the diode connected transistor 
is designated by reference numeral 14. The first and second 
input transistors of the NOR gate G3 are designated by 
reference numerals 19 and 21, the diode connected transistor 
is designated by reference numeral 20. The first and second 
input transistors of the NOR gate G4 are designated by 
reference numerals 16 and 18, the diode connected transistor 
is designated by reference numeral 17. The value of "m' 
denotes the ratio between the size of the input transistors in 
each NOR gate to the diode connected transistor. The value 
of m is the same in each of the NOR gates. For transistors 
of a common length, this ratio is the ratio of transistor 
widths. 

Output nodes of NOR gate G1, NOR gate G2, NOR gate 
G3 and NOR gate G4 are referenced as N1 through N4. 
FIGS. 3 illustrates waveforms occurring at these nodes. 

Operation of the oscillator will now be described with 
reference to FIG. 2 taking a "0" level at approximately zero 
volts and a “1” level corresponding to the diode connected 
transistor in each NOR gate being conductive at just above 
the threshold voltage Vitn. 
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1) Assume node 1 is at "0', node 2 at "0', node 3 at '1'. 
Transistors 16 and 18 are off, so node 4 is pulled up by its 
current-source CS4 until it reaches a '1'. Transistor 15 
now starts to discharge at node 3, turning off transistor 12. 
This releases node 1 which starts to rise. Thus we have: 

Node 1 Node 2 Node 3 Node 4 

rising '0' falling is1” 

2) When node 1 reaches a '1', transistor 13 turns on and 
helps node 3 to reach "0". Transistor 16 is also turned on, 
so node 4 starts to discharge and transistor 19 turns off. 
This releases node 2 which now starts to rise. Hence: 

Node 1 Node 2 Node 3 Node 4 

11" rising '0' falling 

3) When node 2 reaches a "1", transistor 18 turns on and 
helps node 4 to reach “0”. Transistor 10 is also turned on, 
so node 1 starts to discharge and transistor 13 turns off. 
This releases node 3 which starts to rise. Hence: 

Node 1 Node 2 Node 3 Node 4 

falling 11" rising "0" 

4) When node 3 reaches a '1', transistor 12 turns on and 
helps node 1 to reach "0". Transistor 21 is also turned on, 
so node 2 starts to discharge and transistor 18 turns off. 
This releases node 4 which starts to rise. Hence: 

Node Node 2 Node 3 Node 4 

'0' falling 11" rising 

5) When node 4 reaches a '1', transistor 19 turns on and 
helps node 2 to a "0". Transistor 15 is also turned on, so 
node 3 starts to discharge and transistor 12 turns off. This 
releases node 1 which starts to rise. Hence: 

Node 1 Node 2 Node 3 Node 4 

rising '0' falling (1" 

This is the same state as at the start of 2) above, so the 
oscillation continues. 
The rising slew rate of an oscillator node is determined by 

total node capacitance and the current through the current 
source. The falling slew rate is determined by total node 
capacitance, current through the current-source and the 
parameter "m'. If "m'=2, then falling rates are the same as 
rising rates, and the waveforms look like those in FIG. 3. 
Thus, at each of the nodes an oscillating signal is pro 

duced. An n-channel transistor driven by the signal at any 
one of the nodes will only be conducting for 25% of the 
cycle. For some applications, it is desirable to provide 
current for 50% of the cycle. 

This requirement can be met by using a low-voltage 
inverting gain stage to buffer the oscillator signal, and 
ensuring that the speed of the buffer stage is the same as the 
speed of the oscillator stages. 
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4 
A simple way to match the speeds is to use a partial 

oscillator stage operating under the same conditions as the 
oscillator, i.e. to use the same transistor sizes and currents as 
in the oscillator stages. It is then only necessary to match the 
total node capacitance to ensure that the slew rates are 
identical. FIG. 4 is a transistor diagram of a suitable buffer 
circuit which comprises an input transistor TS which 
receives at its gate a signal from anode of the oscillator stage 
and whose drain/source path is connected between an output 
node Nout and a reference voltage Vref (ground in FIG. 4). 
The buffer circuit also includes a diode connected transistor 
T6 connected between the output node and the voltage 
reference Vref and a current source CS generating a current 
I between a supply voltage Vs and the output node. The 
output node can be used to drive a CMOS converter such as 
that described in our copending Application No. PCT/GB94/ 
00891, the contents of which are herein incorporated by 
reference. 

In FIG. 4, once again "m" denotes the ratio between the 
transistor sizes of transistor T5 and transistor T6. If m=2, 
waveforms for the circuit are as shown in FIG. 5. It can be 
seen that the input waveform is only high (and therefore able 
to turn on an n-channel transistor) for 25% of the period. 
However, the output waveform is high for almost 50%, so an 
n-channel transistor driven by the buffer circuit will conduct 
for 50% of the cycle. 
Use of a buffer stage such as this also effectively isolates 

the oscillator from disturbances due to noise on a CMOS 
power supply. Frequency stability is therefore greatly 
improved. 
What is claimed is: 
1. A quadrature oscillator comprising: 
first and second stages, each stage comprising first and 

second NOR gates, wherein: 
the output of the first NOR gate of the first stage is 

connected as an input to the second NOR gate of 
each of the first and second stages; 

the output of the second NOR gate of the first stage is 
connected as an input to the first NOR gate of each 
of the first and second stages; 

the output of the first NOR gate of the second stage is 
connected as an input to the first NOR gate of the 
first stage and the second NOR gate of the second 
Stage; 

the output of the second NOR gate of the second stage 
is connected as an input to the second NOR gate of 
the first stage and the first NOR gate of the second 
stage; and 

each of the NOR gates comprises first and second input 
transistors that each have a control node for receiv 
ing an input signal and a controllable path connected 
between an output node and a reference voltage, a 
diode-connected transistor connected between the 
output node and the reference voltage, and a current 
source connected to the output node. 

2. A quadrature oscillator according to claim 1, wherein 
the current source is controllable to adjust the rising and 
falling slew rates of signals generated by the oscillator. 

3. A quadrature oscillator according to claim 2, wherein 
the ratio of size between the first and second input transistor 
and the diode connected transistor can be selected to adjust 
the falling slew rate of a signal generated by the oscillator. 

4. A quadrature oscillator comprising: 
first and second stages, each stage comprising first and 

second NOR gates, wherein: 
the output of the first NOR gate of the first stage is 

connected as an input to the second NOR gate of 
each of the first and second stages; 



5,602,514 
S 

the output of the second NOR gate of the first stage is 
connected as an input to the first NOR gate of each 
of the first and second stages; 

the output of the first NOR gate of the second stage is 
connected as an input to the first NOR gate of the 
first stage and the second NOR gate of the second 
stage, 

the output of the second NOR gate of the second stage 
is connected as an input to the second NOR gate of 
the first stage and the first NOR gate of the second 
stage, and 

a buffer circuit connected to receive a signal generated 
by the oscillator which is high over 25% of a cycle 
and to supply a buffered signal which is high over 
50% of a cycle. 

5. A quadrature oscillator according to claim 4, wherein 
the buffer circuit comprises a partial oscillator stage oper 
ating under the same conditions as a stage of the oscillator 
thereby ensuring that the buffer delay matches the oscillator 
stage delay. 

6. A quadrature oscillator, which cycles sequentially 
through four distinct states, said oscillator comprising: 

a first stage including: 
a first NOR gate having a first input terminal, a second 

input terminal, and an output terminal; and 
a second NOR gate having a first input terminal 

coupled to the output terminal of the first NOR gate, 
a second input terminal, and an output terminal 
coupled to the second input terminal of the first NOR 
gate, 

a second stage including: 
a third NOR gate having a first input terminal coupled 

to the output terminal of the second NOR gate, a 
second input terminal, and an output terminal 
coupled to the first input terminal of the first NOR 
gate, 

a fourth NOR gate having a first input terminal coupled 
to the output terminal of the third NOR gate, a 
second input terminal coupled to the output terminal 
of the first NOR gate, and an output terminal coupled 
to the second input terminal of the third NOR gate; 
and 

wherein said first, second, third, and fourth NOR gates 
each include: 
a reference terminal; 
a first transistor having a control node connected to the 

first input terminal, and having a controllable path 
connected between the output terminal and the ref 
erence terminal; 

a second transistor having a control node connected to 
the second input terminal, and having a controllable 
path connected between the output terminal and the 
reference terminal; 

a diode-connected transistor connected between the 
output terminal and the reference terminal; and 

a current source connected to the output terminal. 
7. The quadrature oscillator of claim 6 wherein the current 

sources of each of said NOR gates are controllable to adjust 
rising and falling slew rates of signals that the oscillator 
generates. 

6 
8. The quadrature oscillator of claim 7 wherein a ratio of 

size between the first and second input transistors and the 
diode-connected transistor of each of said NOR gates is 
selectable to adjust the falling slew rate of the signals that 

5 the oscillator generates. 
9. The quadrature oscillator of claim 6 further comprising: 
a ratio between a size of said first and second transistors 

and a size of said diode-connected transistor, said ratio 
having a first predetermined value; 

said current source operable to generate a current having 
a second predetermined value; and 

a buffer circuit having an output terminal, a reference 
terminal, and an input terminal connected to said output 
terminal of one of said NOR gates, said buffer circuit 
including: 
a first transistor having a control node connected to said 

input terminal of said buffer circuit, and having a 
controllable path connected between said output and 
reference terminals of said buffer circuit, 

a diode-connected transistor connected between said 
output and reference terminals of said buffer circuit; 

a current source coupled to said output terminal of said 
buffer circuit and operable to generate a current 
having said second predetermined value; and 

wherein a ratio between a size of said first transistor and 
said diode-connected transistor of said buffer circuit 
has said first predetermined value. 

10. A quadrature oscillator, which cycles sequentially 
through four distinct states, said oscillator comprising: 

a first stage including: 
a first NOR gate having a first input terminal, a second 

input terminal, and an output terminal, and 
a second NOR gate having a first input terminal 

coupled to the output terminal of the first NOR gate, 
a second input terminal, and an output terminal 
coupled to the second input terminal of the first NOR 
gate, 

a second stage including: 
a third NOR gate having a first input terminal coupled 

to the output terminal of the second NOR gate, a 
second input terminal and an output terminal coupled 
to the first input terminal of the first NOR gate; 

a fourth NOR gate having a first input terminal coupled 
to the output terminal of the third NOR gate, a 
second input terminal coupled to the output terminal 
of the first NOR gate, and an output terminal coupled 
to the second input terminal of the third NOR gate; 
and 

a buffer circuit having an input terminal coupled to one of 
the output terminals and operable to generate at a buffer 
output terminal a signal that is at a logic high level for 
at least half of a cycle. 

11. The quadrature oscillator of claim 10 wherein the 
buffer circuit comprises a partial operator stage that operates 
under substantially the same conditions as the NOR gates to 
ensure that a delay of the buffer matches a delay of each of 
the NOR gates. 
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